Objective: To determine rate of and risk factors for birth defects in infants born to HIV-infected women receiving nucleoside and protease inhibitor antiretroviral (ARV) therapy. Methods: Birth defects were evaluated among infants on the Pediatric AIDS Clinical Trials Group 316 trial that studied addition of peripartum nevirapine to established ARV regimen for prevention of mother-to-child transmission. Maternal therapy was categorized by trimester of earliest exposure. Birth defects were coded using conventions of the Antiretroviral Pregnancy Registry. Results: Birth defects were detected in 60/1414 (4.2%; 95% CI 3.3-5.4%) infants including 30/636 (4.7%; 95% CI 3.2-6.7%) with first trimester ARV exposure and 30/778 (3.9%; 95% CI 2.6-5.5%) with exposure only after the first trimester (Ps0.51). Rates of classes of defects were *Corresponding author: D. Heather Watts, MD PAMA/CRMC/NICHD 6100 Executive Blvd, Room 4B11 Bethesda MD 20892-7510 USA Tel.: q1 301-435-6874 E-mail: hw59i@nih.gov similar between first trimester compared to later exposure groups except heart defects which occurred in 16 (2.5%; 95% CI 1.4-4.1%) with first trimester ARV exposure and in six (0.8%; 95% CI 0.3-1.7%) infants with later exposure (Ps0.02). Exposure to ARV was not associated with specific types of heart defects. Two cases of cardiomyopathy were noted. Conclusion: ARV use in early pregnancy was not associated with an increased risk of birth defects overall. The possible association of ARV exposure with heart defects requires further surveillance.
Introduction
An increasing number of pregnant women are receiving antiretroviral (ARV) therapy both for their own treatment and for prevention of maternal-to-child transmission of HIV. In addition, many HIV-infected women conceive while receiving ARV treatment w13x. Data on the risk of birth defects after ARV exposure are limited and varied, with some studies reassuring and others finding increased risks after specific exposures. Data from the Antiretroviral Pregnancy Registry (APR) have been reassuring without overall increased risk of birth defects compared to population-based surveillance data or when comparing rates after first trimester exposure to those after ARV exposure only later in pregnancy w19x, although biases in reporting may occur. A small study from England did not find an increased risk of birth defects with ARV exposure or folate antagonist exposure alone, but did find an increased risk of defects when the combination of ARV therapy and folate antagonists, such as trimethoprim/ sulfa were used in the first trimester w10x. An analysis of data from the Pediatric AIDS Clinical Trials Group (PACTG) study 185 suggested an increased risk of ventricular septal heart defects after zidovudine exposure in the first trimester w19x. This study was unable to control for concomitant medications, such as trimethoprim/sulfa for pneumocystis pneumonia (PCP) prophylaxis, that were likely more common among women with first trimester exposure because of increased disease severity. An analysis from the Women and Infants Transmission study detected an increased risk of hypospadias after first trimester zidovudine exposure but again was unable to control for concomitant medication exposures w22x. Data from the European Collaborative Study (ECS) and the UK National Study of HIV in Pregnancy and Childhood did not detect an increased risk of defects with ARV exposure w16, 20x. Animal data suggest a potential increased risk for central nervous system and facial defects among cynomolgus monkeys after first trimester exposure to efavirenz, but human data are inconclusive w15, 19x. Thus, evaluation of the rates of and risks for birth defects after well-characterized exposure to ARV agents and other drugs during pregnancy is needed to assist in selecting appropriate treatment regimens for pregnant and reproductive age women.
The objectives of this study were to assess the rate of and risk factors for birth defects among infants born after in utero ARV exposure in the PACTG protocol 316, which evaluated the potential benefit in reduction of mother-to-child transmission of HIV of adding intrapartum and neonatal singledose nevirapine to an established ARV regimen w7x. Participating women were well-characterized as to the timing and content of ARV during pregnancy, and infants were followed regularly for assessment of outcomes, including birth defects w21x.
Methods
PACTG 316 study was a phase III, international, multicenter, randomized, placebo-controlled, double-blind study of intrapartum and newborn nevirapine in addition to standard ARV therapy for prevention of HIV transmission for HIV-infected pregnant women. Women were enrolled at PACTG sites in the US, Brazil, the Bahamas and at European sites participating in the Agence Nationale de Recherches sur le SIDA (ANRS) and the ECS networks between May 1997 and June 2000. The methods and primary outcome of this study have been described w7x. Women were eligible for enrollment if they were 13 years of age or older, were receiving a stable ARV regimen not including a non-nucleoside reverse transcriptase inhibitor, and were able and willing to sign informed consent for participation. Enrollment was allowed anytime after 20 weeks of gestation. Gestational age was estimated using either reliable menstrual history that correlated with physical examination or sonogram performed before 20 weeks of gestation. Women were excluded if already enrolled in other treatment trials, if they had elevated alanine aminotransferase levels, if they had hypersensitivity to benzodiazepines, had received non-nucleoside ARV drugs in the past, or if they had a fetus with an anomaly incompatible with life in the current pregnancy.
Women and their infants were randomized to receive a singledose of nevirapine or placebo to the mother at the onset of active labor and to the infant between 48 and 72 h after birth. Infants were evaluated with a complete history and physical examination at birth, between 48 and 72 h after birth, at 6-9 days, between four and six weeks, and at three and six months of age. Any abnormalities were reported on case report forms, and any ancillary evaluations done as part of clinical care, such as echocardiograms were captured. During the study, adverse events in the infants were reviewed on a monthly basis by the study team, and additional information was requested if needed to clarify diagnoses.
Women were required to be on ARV therapy for prevention of mother-to-child transmission of HIV at the time of enrollment. Timing of first exposure was categorized as first trimester if the woman conceived on or began ARV therapy within the first 12 completed weeks of pregnancy. Therapy begun after 12 completed weeks of gestation was categorized as second/third trimester exposure only.
For this analysis, all physical examination findings and diagnoses were reviewed by members of the protocol team who were blinded to the timing and type of ARV exposure. Defects were coded using the Metropolitan Atlanta Congenital Defect Program coding scheme, following the conventions of the APR to include infants with two or more conditional or minor defects as defect cases even in the absence of a major defect w4, 19x. After an initial review by the PACTG 316 team, defects were further reviewed by one author (A.S.), defect reviewer for the APR. Defects were then grouped according to organ-system classification to allow grouping of defects with similar pathogenesis w17x. After classification of defects, the overall rate of defects, the rate of defects by trimester of earliest ARV drug exposure, and the rate of defects by organ/ system were evaluated.
Of the 1506 women enrolled to the trial, 92 were excluded from the current analysis: 84 because the delivery date and data were missing, two because they lacked the start and stop dates for ARV therapy, and six because they did not receive ARVs during pregnancy, leaving 1414 for analysis.
Characteristics of women with first trimester vs. later ARV drug exposure were compared. The x 2 -test and Fisher's exact test were used for comparisons of categorical variables. The Wilcoxon nonparametric test was used for comparison of continuous variables. Logistic models were developed using forward logistic regression.
Results
Enrollment characteristics of the 1414 women, 1408 with livebirths and six with stillbirths, categorized according to timing of earliest ARV drug use during pregnancy are shown in Table 1 . Women with first trimester ARV exposure were older, more likely to be Caucasian, of lower parity, had lower CD4q lymphocyte counts, and were more likely to receive combination therapy with protease inhibitors compared to single or dual nucleoside therapy. HIV RNA levels and rates of illicit drug use did not differ at enrollment between the groups. Data on smoking, alcohol use, and first trimester opportunistic infection prophylaxis were not consistently available and are not reported here.
A total of 73 defects were detected among 59 liveborn infants and one stillborn infant, with nine infants having two defects, and two infants having three defects. The rate of infants with defects was 60 (4.2%, 95% CI 3.3-5.4) of 1414 infants. Four cases were included as defects based on the presence of two conditional, or minor, defects only (one plagiocephaly and severe nasal crease, two with nevus and umbilical hernia, and one with patent ductus arteriosus and peripheral pulmonic stenosis). Excluding these cases, the rate of infants with defects was 56 (4.0%) of 1414.
The rate of defects among infants with first trimester exposure was 30 (4.7%) of 636 and among infants with only later exposure was 30 (3.9%) of 778 (Ps0.43). A variety of characteristics and exposures were evaluated to determine factors associated with the detection of a birth defect in the cohort (Table 2) . ARV exposure in the first trimester, including any exposure, any nucleoside agent, zidovudine, or any protease inhibitor, was not associated with an increased risk of defects. Only maternal HIV RNA at enrollment was associated with risk of birth defects on univariate analysis and remained the only significant factor on multivariate logistic regression (results not shown).
The organ-system classification of defects according to trimester of first ARV drug exposure is shown in Table 3 . The occurrence of defects was balanced between the first trimester compared to later exposure groups except that any type of heart defect occurring in 16 (2.5%) of 636 infants with first trimester ARV exposure and in six (0.8%) of 778 infants with later exposure (Ps0.02). The overall rate of any heart defect was 1.6% (95% CI 1.0-2.4%).
All infant heart defects are listed in Table 4 according to trimester of earliest ARV exposure along with specific drug exposures and organ/system classification. The heterogeneity of the defects makes assessment of ARV risk difficult. Whereas both cases of cono-truncal defects occurred in infants with first trimester exposure to ARVs, one case was associated with trisomy 21, a known risk factor for heart defects. The three anatomic right-sided obstructive defects occurred after second or third trimester exposure to ARVs. The right-sided obstructive defects seen after first trimester exposure were peripheral pulmonic stenosis, a functional defect noted along with other structural heart defects. Two different left-sided obstructive defects were noted after first trimester exposure. The ''heart-other'' group of defects included a variety of cases, most commonly septal defects. Evaluating the rate of septal defects in this group, including the case of persistent patent foramen ovale, we found seven cases among 636 (1.1%) infants with first trimester exposure whereas four cases (0.5%) occurred among 778 infants with later exposure (Ps0.21). The overall rate of ventricular septal defects was 0.6%. Of note, two cases of cardiomyopathy were diagnosed along with a case of septal hypertrophy, which may be indicative of cardiomyopathy. All three of these infants were HIV-uninfected.
Discussion
The overall rate of birth defects of 4.2% is somewhat higher than the rate of 2.7% detected in a population of HIV-infected women with similar demographic characteristics in the prospective report of the APR w19x. It is not surprising that infants enrolled to a clinical trial with intensive newborn follow-up may have a higher rate of detected defects than those with only routine care, which is the case for most infants reported to the APR. While no specific additional testing was mandated by the protocol, subjects on study may be more likely to receive ancillary testing to clarify physical findings, such as heart murmurs. In addition, reports to the APR are made primarily by the prenatal care provider who Heart-other defects includes atrial septal defects other than primum, ventricular septal defects, single coronary artery, and cardiomyopathy.
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outcomes from the PACTG 076 study of zidovudine vs. placebo for prevention of maternal-to-child transmission, major defects were diagnosed among 36 (8.6%) of the 417 live born infants, although no ARV exposure occurred before the second trimester w18x. All women in PACTG076 had CD4q lymphocyte counts above 200 cells/mL, so were unlikely to be receiving trimethoprim/sulfa prophylaxis. Thus, while the overall rate of defects in this study is higher than in the APR and probably related to enhanced ascertainment, the lack of association of defects with ARV exposure is reassuring. Using the organ/system classification to group defects expected to have similar pathogenesis revealed an increased rate of heart defects overall among infants with first trimester ARV exposure compared to only later exposure, but not in specific subgroups of defects. Cono-truncal defects and obstructive left-sided defects occurred only after first trimester exposure but were too infrequent to allow assessment of an association with ARV exposure. Cono-truncal heart defects reported to the APR are reviewed specifically as part of the semi-annual review of data, and no association with ARV exposure has been reported to date w19x. Continuing surveillance is warranted.
The other heart defects category is heterogeneous, making it difficult to associate with ARV's. In the current study, cardiac septal defects were common but the rate of septal defects was not significantly different by trimester of exposure. The rate of ventricular septal defects, 0.6%, was slightly higher than the rates of 0.25-0.5% reported in the literature, again likely related to increased ascertainment related to study participation w2, 14x. Of note, the prevalence of congenital heart disease has been found to be increasing in the US overall, most likely due to improved ascertainment w2x. In addition, wide variability in rates of mild atrial and ventricular septal defects has been noted, probably related to regional or temporal differences in use of diagnostic techniques w11x. An increased rate of atrial and ventricular septal defects after first trimester zidovudine exposure was reported to the APR from two clinical studies, the PACTG 185 randomized clinical trial of hyperimmune globulin for prevention of mother-to-child transmission and a German multicenter clinical study w19x. A recent detailed analysis of all ventricular septal cases reported among prospective cases in the APR did not find an association between these defects and ARV exposure, but surveillance continues w19x.
The finding of two cases of cardiomyopathy and a case of septal hypertrophy among HIV-infected infants with in utero exposure to ARVs is concerning. While HIV infection alone in the infant is a known risk factor for cardiomyopathy w8x, exposure to nucleoside analogs has also been associated with the development of cardiomyopathy in HIV-uninfected children w6x. One case of cardiomyopathy was noted among the 122 infants who received zidovudine in the PACTG 076 study and were followed in PACTG219 w5x. In a study of both HIV-infected and HIV-exposed, uninfected children compared to HIV and ARV unexposed controls, infants born to HIV-infected women were had lower fractional shortening at birth suggestive of left ventricular dysfunction, which persisted up to four months in HIV-exposed but uninfected infants w12x. Mitochondrial damage in cardiac and skeletal muscle has been shown in mice and monkeys after dosing schedules with nucleosides in utero and in the newborn period similar to human prophylaxis regimens w1, 9x. Cardiomyopathy has myriad causes. The repeated reporting of cardiomyopathy cases in studies of ARV agents in pregnancy indicates the need for ongoing long-term surveillance.
A limitation of our study is the lack of complete data on smoking, alcohol use, and opportunistic infection prophylaxis exposure during pregnancy. A previous study suggested that the combination of ARV agents and folate antagonists in the first trimester, most commonly trimethoprim-sulfa used for prevention of PCP, increased the risk of birth defects w3x. While we were unable to evaluate this directly, CD4q lymphocyte count at enrollment -200 cells/mL, an indication for PCP prophylaxis, was not associated with an increased risk of birth defects. Women with fetuses with defects incompatible with life were excluded from enrollment, thus severe defects, such as anencephaly may be underrepresented in this study. A recent study from Europe found that pregnancy termination occurred in 88% of cases after prenatal diagnosis of trisomy 21 or neural tube defects, and we do not have data on such cases that may have been diagnosed before enrollment w3x. We do not have complete data on women who were screened but found not to be eligible for enrollment. Another limitation is the lack of exposure to non-nucleoside reverse transcriptase inhibitors including efavirenz by study design and the limited array of protease inhibitors available during the study period.
The data presented here from a large clinical trial provide reassuring evidence that first trimester exposure to ARV agents does not increase the risk of non-lethal birth defects. However, the increased rate of heart defects with early exposure, suggested in previous analyses as well, underscores the need for continuing evaluation, especially as newer ARV agents are approved and increasingly complex regimens are used. All providers are urged to report cases of women with ARV exposure during pregnancy as early in pregnancy as possible to the APR (details at www.APRegsitry.com) to allow continued surveillance.
